As part of the Hubble Space Telescope UV Legacy Survey of Galactic Globular Clusters, 110 parallel fields were observed with the Wide Field Channel of the Advanced Camera for Surveys, in the outskirts of 48 globular clusters, plus the open cluster NGC 6791. Totalling about 0.3 square degrees of observed sky, this is the largest homogeneous Hubble Space Telescope photometric survey of Galalctic globular clusters outskirts to date. In particular, two distinct pointings have been obtained for each target on average, all centred at about 6.5 arcmin from the cluster centre, thus covering a mean area of about 23 arcmin 2 for each globular cluster. For each field, at least one exposure in both F475W and F814W filters was collected. In this work, we publicly release the astrometric and photometric catalogues and the astrometrised atlases for each of these fields.
INTRODUCTION
For almost three decades, the Milky Way Globular Clusters (GCs) have been the target of large CCD photometric surveys aimed at sampling their stellar populations in a homogeneous way (Rosenberg et al. 2000a , Rosenberg et al. 2000b , Piotto et al. 2002 , Sarajedini et al. 2007 ) using both space-and ground-based instruments. The growing sample of data, and the advent of increasingly sophisticated data-analysis techniques, have clearly demonstrated that Based on observations with the NASA/ESA Hubble Space Telescope, obtained at the Space Telescope Science Institute, which is operated by AURA, Inc., under NASA contract NAS 5−26555.
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GCs host distinct stellar populations with different chemical abundances. High-precision photometric measurements have revealed that the colour-magnitude diagrams (CMDs) show distinct sequences in various evolutionary stages (see e.g. Anderson 1997 , Lee et al. 1999 , Pancino et al. 2000 , Bedin et al. 2004 , Piotto et al. 2007 , Milone et al. 2008 , Bellini et al. 2010 ). These findings are also supported by spectroscopical evidence that the stellar populations of these systems are not as simple as thought (see e.g. Marino et al. 2008 , Yong & Grundahl 2008 , Kraft 1994 , Carretta et al. 2009a , Carretta et al. 2009b , Gratton et al. 2004 , Gratton et al. 2012 . The Hubble Space Telescope UV Legacy Survey of Galactic Globular Clusters (GO-13297; PI:Piotto) has been specifically designed to further investigate this phenomenon
and it now appears likely that all Galactic GCs host multiple stellar populations (Piotto et al. 2015 -hereafter Paper I, Milone et al. 2017 . In the context of this survey, parallel Advanced Camera for Surveys (ACS) observations have been obtained. While the main observations were taken using a combination of UV and optical filters of the Wide Field Camera 3 (WFC3), the lack of filters bluer than F435W dictated the use of the F475W and F814W filters of the Wide Field Channel of the ACS (ACS/WFC) in the parallel observations. The large colour baseline provided by this filter combination guarantees sensitivity to helium abundance differences, while being largely insensitive to star-to-star variations in light-element abundances (Sbordone et al. 2011 , Cassisi et al. 2017 .
One of the main objectives for which these observations were planned is to investigate how different stellar populations formed in GCs. Strong observational constraints come from the analysis of the radial distribution of each stellar population (D'Ercole et al. 2008; Bellini et al. 2009 , Vesperini et al. 2013 . As an example, Simioni et al. (2016) complemented WFC3 data of the central regions of NGC 2808 with ACS parallel observations and found evidence of different radial trends associated with distinct stellar populations hosted by the cluster. Thus, clusters with large helium variations among their stellar populations are the preferred target of investigation with the current data-sample. Other interesting targets, albeit extensively studied, are those defined as Type-II clusters in Paper IX, which displays multiple subgiant branches in optical CMDs.
We stress the fact that this is the first homogeneous HST photometric survey of the outskirts of Galactic GCs. The observations presented here represent a first epoch for future studies aimed at systematical measurements of absolute, relative and internal proper motions of stars in these regions. Archival HST observations matching a sub-sample of the observed fields exist, and proper motions will be published separately. In the imaged stellar fields, the stellar density is not as high as in the central regions. As a consequence, crowding is not a serious issue for these data. That makes them particularly suitable to be used as input catalogue for future spectroscopic surveys.
The present catalogues can be used to perform several interesting analyses. For example, dynamical interactions between stars in GCs is at the origin of the mass segregation phenomenon. A precise estimate of its effects is fundamental for the derivation of a global mass function for a GC (Vesperini & Heggie 1997 , Paust et al. 2010 , Sollima & Baumgardt 2017 . The measurement of the fraction of binaries is also fundamental for this kind of analysis and could provide useful constraints for dynamical models (Milone et al. 2012) . We note, also, that in some cases white dwarf cooling sequences are visible in the obtained CMDs. Finally, it is interesting to note that due to the presence of many extragalactic objects in the observed field, other studies could benefit from these observations.
In this work, we present the first photometric catalogues from the ACS/WFC parallel observations of the GO-13297 program. All data have been reduced in a homogeneous manner, making these catalogues particularly suitable for intercomparison. The article is organised as follows: in Section 2 the data are presented along with some information about the observing strategy, together with a detailed description of the data reduction. The extracted CMDs are presented in Section 3. Details on the selection of well measured stars are given in Section 4. In Section 5 the catalogues and the released electronic material are described in detail. Finally, in Section 6, after a summary, we briefly discuss some of the main scientific questions we will address with these catalogues in subsequent papers. Tables 1 and 2 report the log of ACS/WFC observations used to construct the catalogues. For each target, we indicate the total number of orbits assigned to each observed field separated by the different position angles (PAs) of the V3 axis of the HST focal plane. Typically, one F475W and one F814W image were taken each orbit, with a dither between the two dictated by primary WFC3 observing strategy. For each field, right ascension and declination of the centre of ACS/WFC are provided along with exposure time in each filter.
OBSERVATIONS AND DATA REDUCTION
The physical position of ACS/WFC detectors in the focal plane of HST is such that its projected field of view (FoV) in the sky is located at a distance of about 6.5 arcminutes from the centre of the WFC3 FoV. Depending on the number of orbits allocated to each GC, from 2 to a maximum of 5 non-overlapping fields were observed. This is because, in order to secure a good handling of charge-transfer-efficiency (CTE) systematic errors, primary WFC3 observations were taken by applying a different telescope rotation at each orbit (Paper I, Section 4). For the majority of clusters, which were allocated 2 orbits, a rotation of about 90 • was performed between the first and second orbit; for clusters observed for more than 2 orbits, a minimum difference of ∼ 45 • between the V3 PA of each orbit was required. Five distinct pointings were obtained for 3 clusters, namely NGC 1261, NGC 5053 and NGC 6101. Three distinct fields were obtained for 4 clusters: NGC 6652, NGC 6717, NGC 6723 and NGC 7089. For the other clusters, only 2 pointings were planned. M80 is an exception and was not observed as part of the Program GO-13297. For it, we make use of archival HST data from GO-12311. When possible, ACS parallel observations targeted pre-existing HST observations.
Figures 1 and A1 -A8 display all HST observations that sample the sky area in the vicinity of those covered in this survey. Three cameras onboard HST were considered in order to enhance the probability of an overlap between observations: Wide Field and Planetary Camera 2 (WFPC2), ACS and WFC3 (both UVIS and IR channels). Taking 2 images per orbit, one in F475W and one in F814W filters, the typical exposure times for both filters are of the order of 700s.
All exposures have been corrected for CTE effects using the method described in Anderson & Bedin (2010) . Photometric measurements of stellar objects in each field have been performed using a suite of fortran programs based on img2xym (Anderson & King 2006) and kitchen_sync presented in Anderson et al. (2008) . The spatial variation of the PSF has been taken into account adopting a grid of 9 × 10 model PSFs distributed along each image. However focus changes/breathing of the telescope, imperfect guiding, residual noise related to CTE can produce image-to-image variations of the PSF. To mitigate these sources of systematic errors, we derived a set of spatially varying perturbations of the PSF models for each calibrated, non-drizzled (flc) image. Adopting the procedure presented in Bellini et al. (2013) , each image is divided into a grid with a number of cells changing from 2 × 2 to 5 × 5. In each cell, a subset of well measured stars is used to locally adjust the PSF models to the stellar profiles. Using an updated version of Anderson & King (2006) software, in combination with the newly created PSF models, we extracted raw catalogues of stellar positions and magnitudes in each image. We choose the grid refinement (between 2 × 2 to 5 × 5) that produces Table 1 . Observations are subdivided by epoch in the smaller panels. Blue circles mark the position of core radius, half-light radius and tidal radius for each cluster from Harris 1996 Harris (2010 . Where the tidal radius could not be included in the image, its value has been indicated in the upper-let corner of the image. Yellow, dashed circles mark the distances of 1, 5 and 10 arcminutes from cluster centres. Gray dots corresponds to 2MASS sources, with brighter sources being larger.
the best results, inspecting the distribution of the quality of fit parameters as a function of magnitude, and taking into account the number of reference stars used to tailor the PSF perturbations in each cell. Each exposure related to the same field has been subsequently referred to a common reference frame. Since we are mainly interested in the faint, red part of the cluster CMDs, we used the F814W images to construct the reference frames. Catalogues are finally produced using a version of the software presented in Anderson et al. (2008) , specifically tuned for this project. In particular, the kitchen_sync routine has been modified in order to work properly with only one image per filter. In addition, the method presented in Gilliland (2004) was applied in order to provide reliable photometry also for saturated stars.
The raw, instrumental magnitudes have been zeropointed into ACS/WFC Vega-mag photometric system following the prescriptions of Bedin et al. (2005) . The zeropoints and aperture corrections from 0.5 arcseconds to infinity of Bohlin (2016) have been used.
Especially in the present case, the photometric calibration plays a critical role, and we put strong efforts to precisely evaluate zero-point differences between various observations. Crowding is not a serious problem in the outer cluster regions and high-precision photometric measurements are relatively easy to obtain. But field-to-field zero-point variations must be accounted for to have the external fields of the same cluster on the same photometric scale. The main source of this photometric offsets between catalogues of distinct fields, is related to PSF modelling. The PSF model by construction is normalized to a surface flux of unity within a radius of 10 ACS/WFC pixels (0.5 arcsecond). Only the inner 5 × 5-pixel region of sources was used to fit to the PSF model in order to minimize the contaminating impact of nearby neighbors, but any mismatch between the adopted PSF model and the pixels beyond the small square fitting aperture would result in a slight zeropoint shift. The fact that we perturb the library PSFs (above) minimizes this even further. However, the best way to regularize the photometry is empirically: following Bedin et al. (2005) and Anderson et al. (2008), we measured aperture corrections inside this aperture using the calibrated and drizzled (drc) images as reference.
These corrections were sufficient to properly take into account the majority of the photometric biases in our catalogues. The obtained values of the aperture correction for an aperture of 0.5 arcseconds are listed in Tables 3 and 4 . We maintain the same nomenclature as in Bedin et al. (2005) . The aperture correction values, along with their associated uncertainties are also reported in Figure 2 . Black dots are referred to F814W observations, red dots to F475W ones. It can be noted that for the majority of cases corrections are small: typically smaller than 0.04 magnitudes, but in the most severe cases, they can reach values as high as 0.15 mag.
Astrometrised, stacked images of each observed field have also been produced for both filters with a 1 × 1 pixel sampling. These have been created, for each field, combining all overlapping flc images using the same coordinate transformations that define the common reference frames.
Astrometric solutions have been independently derived using the Gaia DR1 catalogue as a reference (Gaia Collaboration et al. 2016). As a consequence, positions are given for Equinox J2000 at epoch 2015. Table 5 reports the precision reached by the new astrometric solution in the fifth column, which is the root mean square error of the offset between Gaia positions and those derived, for the same stars, in our astrometrised stacked images. The measured average value is 0.2 pixel, or ∼ 10 milliarcseconds. These values are also visualised in Figure 3 .
For completeness, we also measure the astrometric precision of the original astrometric solution of drc images. The position offset between common sources in the Gaia DR1 catalogue and the drc images is used to define this quantity. Offset values are referred to RA and DEC distances in image pixels and are reported in columns six and seven of Table 5 . The associated errors corresponds to the measured standard deviations of each sample. A visual representation is also given in Figure 4 . It can be noted that, in general, offsets are lower than 5 ACS/WFC pixels (0.25 arcseconds), and, in many cases, below 1 pixel, with some notable exceptions. 
THE COLOUR-MAGNITUDE DIAGRAMS AND TRICHROMATIC STACKED IMAGES
In Figure 5 we report the CMDs obtained for all 5 fields of NGC 1261. Magnitudes are given both in the instrumental and Vega-mag photometric systems. Dashed lines represent the saturation limit, black dots represent unsaturated stars, saturated stars are represented with crosses. The five CMDs are all merged in the bottom-right panel, where a different colour have been assigned to each different field. In this case, the instrumental magnitude scale, along with saturation level (dashed line), refer only to Field 1.
The final CMDs for all other targets are presented in Figures A9 -A16 . The presented CMDs have been obtained by selecting only high-quality stars, according to quality parameters presented in Anderson et al. (2008) . In Section 4 we describe the adopted selection procedure. It is important to mention here that, since in the majority of the cases only one image per filter has been taken, artifact rejection is not an easy task. In order to include faint sources, we have cho- 3.31 ± 0.13 −1.46 ± 0.17 2 276 6.5
1.30 ± 0.16 2.01 ± 0.14 continued on Table 6 Table 6 . Table 5 ( sen not to limit in flux our raw catalogues. We nonetheless restricted the detections only to those sources observed in at least one F814W and one F475W image simultaneously, with positions in the common reference frame consistent within 0.8 pixels.
No rejection of foreground/background contamination has been performed, nor any correction for differential reddening. The homogeneity of the data guarantees very similar results in every case. Nonetheless, it is out of the scope of the present work to characterize in detail the obtained results, which require taking into consideration several issues. For example, the number density of cluster members present in the observed fields depends on the properties of each GC: in some cases, especially for bulge clusters, or those that appear projected in this dense Galactic region, it is difficult to identify the cluster sequence. We recall that another interesting application of the present data is the study of the stellar populations, external to the clusters, that contaminate the observed fields. In particular, for at least 6 GCs, namely NGC 6624, NGC 6637, NGC 6652, NGC 6681, NGC 6715 and NGC 6809, traces of the Sagittarius Stream are visible in the obtained CMDs (Siegel et al. 2011) .
As an additional tool to explore and characterize observations, we have created colour images of each observed field, combining the astrometrised stacked images: an example is shown in Figure 6 . The F814W stacked images have been associated with red channel while the F475W images are associated to the blue channel. The images associated to the green channel have been obtained as a result of a 3:1 weighted mean of F475W and F814W counts respectively.
SELECTION OF WELL-MEASURED STARS
This section describes the procedure adopted to reject spurious or poorly measured sources in the catalogues and to obtain a sample of bona-fide stellar sources. In this example we refer to the catalogue associated to Field 1 of NGC 6121 (M4). The V3 PA is 272 degrees and, for this field, 2 images were collected, one in F814W, and the other in F475W (666 and 739 seconds respectively).
For the selection, we have adopted a procedure similar to that described in Milone et al. (2012) , defining limits in both q and o (quality) parameters. In addition, we also made use of the RADXS parameter .
As shown in the lower left panels of Figure 7 , the q parameter displays a characteristic trend with magnitude. This parameter is defined as the absolute value of the subtraction between the PSF model and the spatial distribution of light of a particular detection in the image, inside the fitting radius. For a perfectly modeled source, the q parameter assumes value 0.
The o parameter quantifies the amount of light that falls on the aperture used for PSF fitting, due to neighboring sources . Unlike the q parameter, it does not shows a clear trend with magnitude (middle-left panels of Figure 7 ), for this reason we have used a fixed limit (Milone et al. 2012 ).
Finally, the RADXS parameter is related to the spatial extent of the sources, and it is used to distinguish between point sources and extended sources. It is defined as the flux in excess of that predicted from the PSF fitting just outside the core of each source . Positive values are expected for extended objects, while negative values indicate detections that are sharper than stellar. The introduction of this parameter in the selection process for the present case is particularly necessary: since only one image per filter is available for most cases, spurious detections due to cosmic rays are present in the catalogues. Moreover, these observations cover the external regions of GCs, where the stellar density is not as high as in the central regions. The observed fields are thus relatively populated by extra-galactic, non-stellar objects.
We started by taking a more stringent limit in positionconsistency for each source. We selected only sources with an rms error in position less than 0.3 pixel. We adopted fixed limits in the o and RADXS parameters for both filters simultaneously. Finally, we measured, for the sources that survived this first selection, the median trend in the plane defined by magnitude and q parameter values. In this way, we removed from the sample non-stellar and poorlymeasured sources, while not a priori losing faint sources. Red lines in the left panels of Figure 7 represent the limits used for the case of Field 1 of NGC 6121 (M4). Black points represent sources that passed the selection process.
The CMD corresponding to rejected sources (grey dots in the left panels) is shown in the second panel from the right.
The resulting CMD is shown in the right panel of Figure  7 . Note how the cleaning process allows the clear detection of the white-dwarf cooling sequence. Saturated stars have been excluded from the selection procedure, but their fluxes have been recovered using the procedure described in Gilliland (2004) .
We release, for each ACS/WFC parallel field, the astrometric and photometric catalogues and trichromatic astrometrised stacked images. All the released material will be available for download at the website of the Exoplanets & Stellar Populations Group of the Università degli Studi di Padova 1 . Table 7 shows the first ten rows of the catalogue produced for Field 1 of NGC 6121. The content of each column is explained in detail in Table 8 . The parameters wi and wb are the same as in Anderson et al. (2008) . They are records that represent the level of saturation of each source in F814W and F475W images respectively. The last column includes the results of the selection of well-measured stars presented in Section 4.
Note that for many stars, we report a magnitude rms error of 9.900. This is because the routine empirically determines errors based on multiple observations in each filter. When there is only one observation per filter, the error is given a high default value.
SUMMARY AND CONCLUSIONS
In the context of the Hubble Space Telescope UV Legacy Survey Treasury program of Galactic Globular Clusters (GO-13297; PI: Piotto, Paper I), we are releasing the photometric catalogues relative to the ACS/WFC parallel observations. They represent the first HST photometric survey of external regions of Galactic GCs and consist of 109 distinct stellar fields of 49 targets: 48 GCs and one open cluster, NGC 6791.
In the majority of cases, only two images per field were taken, one in F814W and one in F475W, centred at about 6.5 arcminutes from cluster centre. Exposure times were selected in order to obtain reliable photometry of the main sequence of target GCs.
These observations complement the WFC3 observations of the central regions of the surveyed GCs, and represent valuable tools for different investigations as outlined in Paper I. These data represent a first epoch for future studies aimed at proper motions measurements in these regions. Even without proper motions, these catalogues are suitable to various interesting studies such as measurements of mass functions and binaries fractions in external regions of GCs. Furthermore, crowding is not an issue in these external cluster fields, as a result, this database could be also used as an input list for spectroscopic follow-up, for example for precise chemical tagging of cluster members. 
